Sixty-two high-school biology students, paired heterogeneously based on prior knowledge, learned about genetic using GenScope, a computer-based learning environment (CBLE), over four 90-minute class periods. Differences between low and high prior knowledge students emerged with convergence of verbal process data and pre-and post-test product data. The low prior knowledge students gained significantly in conceptual understanding from pre-to post-test, whereas the high prior knowledge students' understanding did not significantly change. In an analysis of their verbalizations, low prior knowledge students regulated their learning by relying on their partners for cognitive and other regulatory support whereas the high prior knowledge students spent most of their time regulating their own learning or providing external support for their lower prior knowledge peer. The results of this naturalistic study can potentially be used to inform educational practice by highlighting scaffolds that may foster self-regulated learning in a CBLEmediated science inquiry context. *This study was partially funded by a University of Maryland, Department of Human Development Fellowship to the first author and by funding from the National Science Foundation (REC#0133346) to the second author. An earlier version of this article was presented at the annual meeting of the American Educational Research Association (2004). Computer-based learning environments (CBLEs), particularly simulations, hypermedia, multimedia, discovery and micro-worlds, are becoming increasingly common as instructional tools in the science classroom. Many of these science CBLEs are learner-centered, in that the user has the responsibility for controlling many aspects of his or her learning, the computer environment, and other aspects of the learning context. According to constructivist theory, such open-ended CBLEs, or cognitive tools, can be ideal learning environments (Jonassen & Reeves, 1996; Lajoie, 1993). They can provide the opportunity for students to engage in the scientific inquiry process by giving them access to, and allowing them to manipulate models, multiple representations, and data that might otherwise be unobtainable in a classroom setting. Many of these CBLEs also provide embedded features designed to cognitively and metacognitively aid students' learning (e.g., Hannafin, Land, & Oliver, 1999) . As such, these environments have the potential to enhance students' conceptual understanding in science (Jacobson & Kozma, 2000; Lajoie, 2000; Lajoie & Azevedo, in press). However, this potential can only be realized if students are able to use CBLEs effectively. In particular, students need to have the skills to self-regulate their learning when using CBLEs in a classroom setting; students will only learn effectively from CBLEs if they are able to set goals, monitor their progress toward those goals, and use the skills requisite to meeting those goals. However, research has suggested that some students may have difficulty regulating their learning with CBLEs . For example, a student with high prior content knowledge may be able to enact skills more effectively than a student with lower prior knowledge whose attention may be overwhelmed by new information. The self-regulated learning (SRL) of students with different levels of prior knowledge using CBLEs in their science classroom is a critical issue that needs to be empirically addressed.
CBLEs are often learner-controlled and may require students to self-regulate their learning (Azevedo, in press ). With a simulation CBLE, for example, learners must enter data that the CBLE will then use to create a model based on that specific data. When using any learner-centered CBLE, students need to be able to make decisions about which information to access, how to manage their time, if they have sufficiently met a goal, etc. When using a CBLE in a classroom context, students need to be able to plan and monitor their cognition and motivation, as well as make decisions about specific strategies that will help them learn. These processes are integral to learning and the development of conceptual understanding when using a CBLE.
This naturalistic study sought to identify how high-school biology students learn while they engage in collaborative inquiry using an open-ended CBLE called GenScope (Horowitz & Christie, 2000) . The study investigated how collaborative pairs regulate their learning, as students often work in pairs when using CBLEs in classroom settings. Students were grouped in heterogeneous dyads based on prior knowledge level, as determined by pretest scores; higher prior knowledge students were placed with a partner who had lower prior knowledge. According to SRL theory, prior knowledge activation is a key step in planning prior to engaging in an academic task, and this prior knowledge can be both cognitive and metacognitive (Pintrich, 2000) . As well, prior knowledge has been shown to have a significant impact on how students control hypermedia environments, with high prior knowledge students being more effective navigators and searchers within open-ended CBLEs (see Dillon & Gabbard, 1998; Shapiro & Niederhauser, 2004) . Heterogeneous grouping might maximize the potential for this type of activation and planning to occur, as a higher prior knowledge student could provide the relevant knowledge to facilitate their partner's SRL.
THEORETICAL PERSPECTIVE
Self-regulated learning (SRL) is a theoretical framework that encompasses many of the skills and behaviors necessary for successful use of a CBLE as a learning tool. The SRL framework incorporates a student's cognition, motivation, behavior and context as they plan, monitor, control, and reflect on those aspects of their own learning (Pintrich, 2000; Winne, 2001; Zimmerman & Schunk, 2001) . SRL has been positively correlated with academic achievement in learners, and it has become increasingly recognized as a key area of study for cognitive psychologists interested in educational and learning applications (Paris & Paris, 2001) . Pintrich (2000) presents a model of SRL that is defined by four assumptions: first, learners are active, in that they make decisions and engage in behavior to further their knowledge or understanding; second, students have the potential to regulate their learning; third, students are aware of some goal or criterion to which they should compare their progress; and fourth, the SRL activities mediate between the context and individual and the eventual achievement for that individual. The model designates four areas for regulation during learning: cognition (e.g., goal-setting, employing and monitoring of cognitive strategies); motivation (e.g., self-efficacy beliefs, values for the task, interest); behavior (e.g., helpseeking, maintenance and monitoring of effort, time use); and context (e.g., evaluation and monitoring of changing task conditions). It is assumed that students will cycle through the SRL phases of planning, monitoring, controlling, and reflecting in these four areas while they learn science using a CBLE, however the degree to which this occurs depends on the context, for example when working with a partner versus alone (Pintrich, 2000) .
When students are effective regulators of their learning, they are able to achieve academic goals (Pintrich & Zusho, 2002) . Reaching these goals successfully within a science classroom will lead to greater understanding of the scientific concepts being taught; however, students are not always effective at regulating their learning (Paris & Paris, 2001) . Research has shown that students can fail to use self-regulatory skills for many reasons: they may not have prior knowledge or know when to enact certain strategies to help them reach their goal (Azevedo, Guthrie, & Siebert, 2004; . Students may not have the motivation or the ability to increase their motivation to persist at a task, for example, by tying success at the task to more important long-term goals (Wolters, 2003) . As well, they may not plan appropriately to reach their goals (Azevedo, Cromley, & Siebert, 2004; Vye et al., 1998) . Students may also not engage in monitoring their progress toward those goals within changing task contexts White, Shimoda, & Fredericksen, 1999) . Finally, they may not know when to seek help from a peer or teacher (Aleven, Stahl, Schworm, Wallace, & Fischer, 2003; Azevedo, Cromley, Winters, Moos, & Greene, 2005; Newman, 1998) .
The context of the learning situation within the classroom plays an important mediating role in SRL (Patrick & Middleton, 2002; Perry, 2002) . The classroom context is complex and if students use a CBLE, they often work in collaborative groups or pairs while learning (e.g., Hoffman, Wu, Krajcik, & Soloway, 2003; Linn & Eylon, 2000; White & Frederiksen, 1998) . In this study, the learning context included using GenScope (Horowitz & Christie, 2000) , a CBLE for learning genetics, collaboratively with a partner in a science classroom.
Co-Regulated Learning (CRL)
Social constructivist views of self-regulation support the view of external regulation as a key contributor to the process of self-regulation (McCaslin & Hickey, 2001) . External regulation can come from teachers and peers as they provide modeling of regulatory behaviors as well as actual regulation of learning (McCaslin & Hickey, 2001; Meyer & Turner, 2001; Schunk, 2001) . For example, a teacher or tutor could provide scaffolding or instruction of students' planning or monitoring their progress toward a goal.
Similarly, peers can potentially provide this type of regulatory scaffolding (Perry, Vandekamp, Mercer, & Nordby, 2002) . As students work together toward a mutual goal, not only are they potentially self-regulating their learning, but they may also be providing regulatory support for one another in the form of articulating goals, planning, suggesting strategies, or maintaining motivation. This collaborative regulation may be termed co-regulation (McCaslin & Hickey, 2001; Corno & Randi, 1999) . Under these circumstances, students' individual self-regulatory processes are mediated by the collaborative context in which they are learning. For the purposes of this study, co-regulation involves two students engaging in aspects of planning, monitoring, controlling, and reflecting on their mutual cognition, motivation, behavior, and context as they work toward investigating a scientific question. However, these processes are not necessarily linear, nor do all students-whether working alone, with a CBLE, or with a partner-cycle through these processes. The collaborative science classroom presents a complex environment in which co-regulated learning with a CBLE can be investigated.
EXISTING RESEARCH: SCIENCE AND CBLE
Current research on using CBLEs to enhance scientific inquiry and conceptual understanding has focused on various aspects of the learning process related to cognitive areas of SRL such as planning and monitoring (Pintrich, 2000) . A number of research groups have conducted studies on metacognition and reflection (e.g., White & Frederiksen, in press; Davis & Linn, 2000; Vye et al., 1998) . This research has mostly focused on the role of various types of reflective prompts, which serve the purpose of helping students self-monitor their understanding. The results of these studies suggest that prompts aimed at getting students to reflect, and thus self-monitor, aid understanding. Studies have shown that students prompted to self-monitor provide explanations with more scientific principles and other examples from their prior knowledge than students in non-monitoring prompt groups (Davis & Linn, 2000) ; and, when students are asked to engage in reflective assessment through embedded CBLE scaffolds, their conceptual understanding increases, particularly for lower-ability students (White & Frederiksen, 1998; White, Shimoda, & Frederiksen, 1999; White, Frederiksen, & Shimoda, 2000) . As well, students do tend to learn how to reflect better when they are scaffolded for reflection and given practice reflecting (Vye et al., 1998) . However, qualitative analyses have also demonstrated wide variability in students' responses to prompts and scaffolds for self-monitoring (Davis & Linn, 2000; White & Frederiksen, 1998; White et al., 1999 White et al., , 2000 . Continued research in this area would be well-served to first look at students' use of these strategies in real time, and to begin to see what other aspects of metacognition and student self-regulation play a role in learning using CBLEs.
Research Using GenScope
GenScope was designed to foster multilevel scientific reasoning about genetics. In classroom-based trials comparing a class using GenScope and another using a genetics textbook, paper-based assessment of student learning showed no significant differences between conditions (Horowitz & Christie, 2000) . By analyzing videotapes, the GenScope team was able to see students using the critical-thinking skills while using GenScope, even though this was not demonstrated on the paper-based assessment (Horowitz & Christie, 2000) . Thus, the process data helped show that indeed students were using certain skills while using GenScope, and that a paper-based assessment would often not give a full picture of student learning.
The studies using GenScope have focused mainly on using it to build conceptual understanding about various areas of genetics and on subsequent assessment of this understanding. Much current process-data research using GenScope has focused solely on conceptual understanding and critical thinking of students (Hickey, 2003) . No aspects of SRL have been addressed in research using GenScope. This research study using GenScope seeks to continue to probe and expand on the processes students engage in while learning, to include the regulatory processes that mediate this understanding.
CBLEs, SRL and Science
In most of the above-cited studies, the various aspects of self-regulated learning that students engage in are inferred, rather than captured in real time. For example, many of these studies attempt to isolate one variable in learning (e.g., metacognition), when, in reality, the situation is far more complex. A better approach would be to look at the many different regulatory variables and processes that occur as someone is learning. Where do students still need help with regulating the various phases and areas of the learning process? Are the students effectively regulating their learning of science? What role does prior knowledge level play in students' ability to regulate their learning when using a CBLE? Are students learning to regulate independent of scaffolding? Does this help their understanding? These gaps can only be filled with process data analyzed using a comprehensive theoretical framework, such as SRL. Most existing research does not explain the SRL processes underlying students' conceptual understanding within a science-inquiry context.
There are theoretical, empirical, methodological and instructional benefits to using SRL as a guiding framework. Theoretically, SRL provides a comprehensive view of the processes students engage in while they learn; empirically and methodologically, these processes can be captured in real time and converged with quantitative data showing learning gains; and instructionally, the implications of SRL can aid teachers in helping students be more effective learners. A few studies have begun to investigate how students regulate their learning while working in a science classroom using a CBLE. For example, Azevedo, Ragan, Cromley, and Pritchett (2002) , Azevedo, Verona, and Cromley (2001) , and present research on how students regulated their learning while using RiverWeb, a web-based environmental science CBLE. These studies showed that higher-ability students were better regulators of their learning and made more conceptual gains than their lower-ability counterparts; however, more research in this area is needed.
Summary
In sum, much of the previous research on using CBLEs to enhance scientific inquiry and conceptual understanding has focused on various individual aspects of the learning process, such as metacognition (e.g., Davis & Linn, 2000; Vye et al., 1998) . However, the analyses are primarily focused on learning gains from pre-test to post-test with limited analysis of some of the processes of learning that occurred while students used the CBLE. Adopting co-regulated learning as a theoretical framework will allow for a more comprehensive analysis of the processes. Investigating these processes may provide the key to understanding the difficulties students have when using CBLEs to learn in the complex context of a science classroom. The guiding questions for this naturalistic study were: 1) Do students with different levels of prior knowledge learn about science when working in heterogeneous dyads using GenScope; 2) How do these students regulate each other's learning in this collaborative context?
The goal of this research study was to investigate how high-school students with different levels of prior knowledge regulate their learning and that of their partner while working with peers during collaborative science-inquiry investigations using GenScope in the classroom. Students were grouped in heterogeneous pairs based on their prior knowledge to maximize the potential for co-regulation, as a student with higher prior knowledge might facilitate the learning of a lower prior-knowledge peer. When in the activation and planning phase of a task, self-regulated learners purposefully recall their prior knowledge about the content area as well as about strategies that will help them learn within the context of that specific task (Pintrich, 2000) . Thus, in this study, a high prior-knowledge student who is self-regulating might help a lower prior knowledge partner by verbally activating knowledge about genetics and the scientific inquiry method. This study seeks to contribute to the existing research on using CBLEs in a complex, science-classroom setting, as well as contribute to the emerging research on students' co-regulation in the classroom.
METHOD Participants
The participants in this study were 62 ninth-and tenth-grade honors-biology students of diverse socioeconomic status and ethnicity from three intact classes in a public school in a suburban area near Washington, DC. The students were between the ages of 14 and 16 (33 girls and 29 boys). Most had never formally studied evolutionary biology in school. The research was conducted during four of their regular science class periods (90-minute blocks) over two weeks, working in collaboration with their teacher during their curricular unit on Evolution. For the study, students were grouped in heterogeneous pairs based on scores on a pre-test measuring prior genetics content and science inquiry process knowledge. This was accomplished by doing a median split of each class based on pre-test scores. Those students above the median were paired with a partner who scored below the median. Students who were close to the median were paired with a student who scored far from the median in the opposite group to maintain heterogeneity in all the pairs.
GenScope
GenScope (http://GenScope.concord.org), a genetics and evolution-themed simulation CBLE installed on wireless Macintosh laptops, was used in the science classroom. This CBLE allows for manipulation of genes and environment within a population of imaginary dragons using multiple representations of concepts and data. For example, at the population level, students can change the environment the dragons live in (air, water, or land), they can change the mutation rate among the dragon population, and they can change certain genetic characteristics of specific dragons (such as color, number of wings or legs) within the population. Based on the students' manipulations, the software conducts simulations of population growth and population characteristics (such as percentages of certain colored or winged dragons or those that can live on land).
The students used GenScope to learn about the concept of speciation, which occurs when two populations diverge genetically from a common ancestor because of geological or environmental factors. This concept is challenging for students because it requires them to have a good understanding of genetics, inheritance and natural selection. The GenScope environment presents simulations that can aid students' conceptual understanding of speciation. The students in the study were required to pose questions to test in the GenScope environment, test them by manipulating the data, then analyze the simulations and characteristics information produced. The CBLE is not adaptive, and it does not provide any feedback, scaffolding, or assessment related to the students' understanding.
Materials 1
Paper-based materials consisted of individual pre-tests and post-tests designed to measure students' knowledge of the genetic principle of speciation and of the scientific process. Student pairs also used a teacher-constructed worksheet to generate a list of potential experimental questions that could be posed and answered using GenScope. Finally, during the inquiry class, student pairs received another teacher-constructed worksheet that scaffolded their answering of the three class questions by asking them to state the experimental question, their hypotheses, and their results based on the GenScope simulations.
Instructional Context
Sixty-two students from three of Teacher X's science classes answered three inquiry questions about genetics with a partner while using GenScope. The global instructional goal was to teach students about the concept of speciation as well as give them practice using inquiry process skills such as control of variables. The inquiry questions were student-generated and comprised the sub-goals for the students.
Procedure
The research study took place over two weeks during four block class periods of 90 minutes each. During the first class period of the study, individual students were administered a paper-based pre-test to measure their prior knowledge of evolutionary processes and scientific inquiry. The median score for the pre-test was determined using all sixty-two students, and the students were assigned to a high prior knowledge or low prior knowledge group based on a median split. Students were then paired with a partner from the opposite group within their class. For students close to the median, partners with more extreme scores in the opposite group were chosen. The students were not made aware of the method or rationale for the groupings. Students worked in these pairs for the duration of the study; however, students took the post-test individually.
During the second class period, the student pairs followed a tutorial to run the evolution program in GenScope, which lasted approximately 40 minutes. The students then formulated three inquiry questions using teacher-set guidelines and engaged in a teacher-guided, whole-class discussion about the merits of the different experimental questions that are appropriate for the GenScope environment. For example, the questions generated by students that were ultimately selected for the final investigation were: 1) Will increasing the mutation rate cause the population to split faster than if the mutation rate is left as it is (the default setting)?; 2) If we set the mutation rate to zero, will some dragons still grow legs in order to reach the food on land if the food in the water is consumed?; and 3) If we add a third type of terrain beyond land-called mountains, and set the rules to allow only double-winged dragons to enter and survive in the mountains, will a population of double-winged dragons inhabit the mountains? The students engaged in the question-generation and discussion activity for approximately 50 minutes.
During the third class, the students spent the entire 90 minutes in pairs, answering the three teacher-selected, student-generated questions using GenScope. Students were prompted to state their hypotheses, results and conclusions via a teacher-constructed worksheet.
Students engaged in natural classroom discourse as they collaboratively learned about different factors involved with evolution during the second and third classes. Video and audio data (process data) on a subset (three pairs) of the students in each of the three classrooms was collected during these class periods; sample student pairs' activities were audio taped and videotaped and any written work (e.g., question sheets) they prepared were collected and copied. The data were collected as students worked with GenScope, collaborated on specific tasks, and participated in whole-group classroom instruction.
Finally, at the beginning of the fourth class, the students completed the post-test, which was identical to the pre-test. The post-test took students approximately 20 minutes to complete.
Coding and Scoring
In this section we describe the coding scheme and scoring of the students' conceptual and scientific process understanding based on answers to the pre-tests and post-tests, the coding scheme for student regulatory verbalizations, and interrater agreement measures.
Conceptual and Scientific Process Understanding
The pre-test and post-test measures were used to quantify the shift in each student's conceptual understanding. The pre-test and post-test consisted of two essay questions; the first question aimed to capture students' understanding of speciation and natural selection, and the second aimed to capture a student's understanding of the inquiry process.
The coding scheme for the first question is adapted from Jacobson and Archodidou's (2000) mental-model rubric on evolution. A mental model is a knowledge representation of a concept or group of related concepts Chi, de Leeuw, Chui, & LaVancher, 1994; Markman & Gentner, 2000) . It is a conceptual knowledge structure that includes declarative as well as procedural knowledge, and may change over time as new, related information is learned, and thus the model is refined. For example, a student with a naïve mental model of evolution would think that the environment causes new traits to arise in a population. A student with a more complex mental model would understand that changes in the environment might allow pre-existing, genetically-based traits to proliferate because they confer some survival advantage to the organism. The Jacobson and Archodidou rubric was selected as it was designed to measure student understanding of key conceptual aspects to the theory of evolution. A scoring system based on the assessment questions used in this study was used. Numerical scores were assigned to the conceptual pieces from the adapted Jacobson and Archodidou (2000) coding scheme. The range of points possible for the first question was 0-16. Students received a total point score for the question based on the aggregate scores form the different conceptual pieces.
The second question was designed to assess students' understanding of experimental design and control of variables during scientific inquiry. Students were asked to describe how they would answer a scientific question about speciation among bacteria given a set of laboratory tools. This question was intended to tap students' understanding of designing and executing a controlled scientific experiment. Students were given points for different levels of understanding related to controlling independent variables, using laboratory tools appropriately, and measuring outcome appropriately. They were given an aggregate score for question number two. The range of points possible for this question was 0-14.
The points for question one and two yielded an aggregate score that represented a student's scientific conceptual and process understanding. The total range of scores possible for the pre-test and post-test was 0-30. (Contact the authors for a copy of the scoring rubric.)
Students' Regulatory Verbalizations
The raw data collected in this study consisted of 2.83 hours (170 minutes) of audio from the nine dyads. The audio tapes were then transcribed and coded for students' regulatory behavior. For the process data, the coding scheme developed by Azevedo, Guthrie, and Siebert (2004) was adapted to analyze the verbal interactions between students. The coding scheme was derived using the Pintrich (2000) model of SRL and adapted to fit a collaborative science-classroom setting Azevedo, Cromley, & Siebert, 2004; ) (see Table 1 ). It has previously been used to investigate SRL in a collaborative CBLE-based ecology unit (Azevedo et al., 2002 , and was further adapted for this particular context. The codes include aspects of planning (such as prior-knowledge activation), monitoring (such as feelingof-knowing and judgment-of-learning statements), strategy use (such as hypothesizing or summarizing), and motivational variables (such as positive feedback).
Some new codes were introduced to describe behavior that students engaged in while working in pairs with GenScope. In the planning category, a code for verbalizing teacher-set goals was included; in the monitoring category, codes for questioning a partner for understanding, self-correcting, and seeking affirmation Verbalization of a question or set of directions provided by the teacher (such as those on a worksheet).
Searching memory for relevant prior knowledge from a previous class or experience. (Not from the current class-see FOK).
Restating the goal (TSG or G) in working memory (WM).
Attempts to intentionally control behavior related to time or effort.
Learner becomes aware that they don't know or understand everything they reada discrepancy becomes apparent.
"We'll just stop it when they start to split." "Let's just use the control from the other one."
"We are watching to see how long it takes to get, uh, a four-legged on land." "Do you think if we increase the mutation rate it'll cause the population to split faster? Or, if we leave the rate, the mutation rate, the way it is, will the population split faster?" "Let's just finish this one." "That's a little difficult, why don't we count the ones in the circle and then subtract from the total?" "Uh, I don't know."
"I don't understand this." Learner realizes they made a mistake or misjudgment (can pertain to hypotheses or result being "wrong").
Assessing whether previously-set goal has been met.
Learner directs conceptual question toward partner.
Student seeks agreement from partner about a conceptual idea that he/she is unsure about-usually preceded by PQP or PQU.
Student verbalizes an observation about results or data.
Student asks partner question pertaining to the procedure of the task (not a conceptual question). from a partner were added; in the strategy category, codes for knowledge elaboration, seeking consensus from partner, questioning partner for summary, give answer, and questioning partner for procedure were new additions to the coding scheme; in the motivational category, an off-task verbalization code was added.
Inter-Rater Agreement
The first author and a consulting science teacher established inter-rater agreement measures with the pre-test and post-tests as well as SRL codes. Inter-rater agreement of 95% (35 out of 37 coded segments) was established by scoring of 30% of the pre-and post-tests. Disagreements were discussed and resolved Learner exhibits behavior that is clearly not within the learning task, including talking off-topic with collaborative partner and/or peer.
Partner gives encouragement or affirmation for an idea, choice, or question (PF).
Partner discourages or disagrees (NF)
Learner expresses excitement or interest in task or aspect of task.
Learner expresses boredom or lack of interest in task or aspect of task. through discussion between the first author and the teacher. Inter-rater agreement of 97% was established for 44% of a total of 988 coded segments. Disagreements were resolved through discussion between the first author and the science teacher.
RESULTS
The guiding questions for this study were: 1) Do students with different levels of prior knowledge learn about science when working in heterogeneous dyads using GenScope? This question was answered by analyzing the gain in conceptual understanding as measured by pre-test and post-test; and 2) How do these students regulate each other's learning in this collaborative context? This question was answered by analyzing the students' regulatory behavior as evidenced by their verbalizations. For the purposes of this study, a combination of both qualitative, from 9 sample pairs, and quantitative, from all the 62 participants, is presented.
Gains from Pre-Test to Post-Test
The gains in students' conceptual understanding were assessed using gain scores from pre-test to post-test. As pre-test score was directly correlated to prior knowledge group, paired samples t-tests were used with each prior knowledge group separately. For the high prior knowledge students, there was no significant difference between their mean pre-test (M = 64.5%, SD = 2.8) and post-test (M = 62.6%, SD = 4.031) scores [t(30) = .893, p > .05]. For low prior knowledge students, there was a significant difference between their pre-and post-test scores (t(30) = -3.216, p < .05). The mean pre-test score for these students was 35.6%, SD = 3.9; the mean post-test score was 43%, SD = 4.9.
Students' Regulatory Behavior
Students co-regulation of their learning during the inquiry session with GenScope was assessed by calculating how often each students' verbalization reflected a variable relating to one of the four main SRL categories. The frequency of use of each of the variables relating to the four main SRL categories of planning, monitoring, strategy use, and task difficulty were examined for both groups of students to determine differences. Chi-square analyses revealed a significant difference between the frequency of these variables used by low prior knowledge and high prior knowledge students (c 2 [3,988] = 21.96, p < .05).
Due to the overall significance, we further examined the protocol data to investigate what specific SRL behaviors the students engaged in while learning with GenScope. In particular, we were interested in differences in SRL codes between the two prior knowledge groups because of their significant differences in knowledge gain, as measured by pre-and post-test. In this section, we present a detailed account of each of the specific SRL variables used by low prior knowledge and high prior knowledge students to regulate their learning of genetics with GenScope. (See Table 2 .)
Planning
Based on the results presented in Table 2 , student behaviors associated with category of planning accounted for 12.9% of all the coded verbalizations. Within this category, low prior-knowledge (LPK) students contributed 4.5% of those codes, whereas high prior-knowledge (HPK) students contributed more, at 8.4%. Low prior-knowledge students predominantly engaged in stating teacherset goals (2.1%), whereas high prior-knowledge students mostly regulated their learning by stating their own goals for the pair (5.7%). Both engaged in prior knowledge activation the least of any codes (LPK, 0.2%; HPK, 0.1%).
Monitoring
Student behaviors associated with category of monitoring accounted for 13.3% of all the coded verbalizations (see Table 2 ). Unlike in planning, low priorknowledge and high prior-knowledge students contributed fairly equally to the verbalizations in this category. Low prior-knowledge students contributed 6.8% of those codes, and high prior-knowledge students contributed 6.5%. However, similar to planning, the distribution of their codes differed; low prior-knowledge students predominantly engaged in questioning their partner for understanding (2.3%), whereas high prior-knowledge students mostly engaged in verbalizing a feeling of knowing (2.0%).
Strategies
Student behaviors associated with category of strategy use accounted for 51.8% of all the coded verbalizations (see Table 2 ). Similar to the monitoring category, low prior-knowledge and high prior-knowledge students contributed fairly equally to the verbalizations in this category. Low prior-knowledge students contributed 26.7% of those codes, and high prior-knowledge students contributed 25.1%. Low prior-knowledge students predominantly engaged in questioning their partner for procedure (8.4%), whereas high prior-knowledge students mostly engaged in verbalizing observations they were making (6.3%). Low prior-knowledge students also made observations at a frequency similar to the high prior-knowledge students (6.4%), but the highest proportion of strategy use for them was devoted to the partner questioning. Both engaged in help-seeking behavior the least of any codes in this category (LPK, 0.2%; HPK, 0.10%).
Motivation
Students also engaged in behaviors related to their motivation during the task, accounting for 22.1% of all coded verbalizations. Similar to the planning category, high prior-knowledge students engaged in proportionally more verbalizations than the low prior-knowledge students (14.0% versus 8.1%, respectively). Unlike other categories, however, both low prior-knowledge and high priorknowledge students predominantly engaged in positive feedback (4.45% and 10.83%, respectively). Low prior-knowledge students engaged in more off-task behavior than the high prior-knowledge students (1.5% versus 1.05), though the frequency for both was extremely low. Both sets of students verbalized negative interest the least of any codes in this category (low prior-knowledge, 0.2%; high prior-knowledge, 0.10%), though positive interest statements were not much higher for either group (LPK, 1.0%; HPK, 0.9%). In summary, the analyses found significant differences between only the low prior-knowledge students' mean pre-test and post-test scores, and high priorknowledge and low prior-knowledge students displayed significantly different frequencies of verbalized SRL variables. The following two qualitative descriptions provide valuable insight into how these students co-regulated their learning while using GenScope.
Examples of Student Verbalizations
The typical pattern for students who were on-task and working together is demonstrated in the following example. In this example, the students are running a simulation with a normal mutation rate that would serve as a control condition for comparison to their experimental mutation rate. The high prior-knowledge student in this pair was Student G and the low prior-knowledge student was Student A. Student G had a relatively high score on his pre-test, 27 points, yet did not make any learning gains on his post-test, which exemplifies the pattern for the high prior-knowledge students. Student A started with a pre-test score of 10 and rose to 17 points at post-test, which exemplifies the pattern for low prior-knowledge students. Codes given for the verbal behavior are given after the appropriate segment in parenthesis. This example demonstrates the high proportion of goal-setting that the high prior-knowledge students engaged in compared to the low prior-knowledge students. For example, turns 1, 5, 7, and 11 are devoted by Student G to setting goals. In this example, Student A engaged in positive feedback, turns 6 and 10, consisting mostly of agreeing with his partner. In sum, this example demonstrates that the higher prior-knowledge student was engaged in more independent regulation of his learning, while his lower prior-knowledge partner relied on him for regulatory support. It is possible that the lower prior-knowledge student benefitted conceptually from the higher prior-knowledge students' goal-setting behavior.
In the next example, both students gained, but only moderately from pre-test to post-test. The high prior-knowledge student, Student H, had a pre-test score of 19 and a post-test score of 23. The low prior-knowledge student, Student L, had a pre-test score of 12 and a post-test score of 14. In this example, Student L seeks a lot of support for procedural directions from his partner, turns 2, 4, and 6, and also relies on teacher-set goals, turns 8 and 14. Student H provides support for these questions by giving positive feedback, giving answers and setting goals, turns 3, 9, 15, and 17. In sum, the lower prior-knowledge student relied heavily on his partner for directions and affirmation. The higher prior-knowledge student provides support for his partner in return. The focus of this pair on procedure may be one reason neither made large gains from pre-test to post-test.
These examples provide a sample of the interaction between students as they worked together using GenScope. They highlight the differences between the low prior-knowledge and high prior-knowledge students as they engaged in co-regulation of their learning.
DISCUSSION
This naturalistic study sought to identify how low prior-knowledge and high prior-knowledge students regulate each other's learning while working collaboratively as they engaged in science inquiry using GenScope. High-school biology students learned about genetics using GenScope in heterogeneous priorknowledge pairs, and we conducted analysis on the learning gains and regulatory behavior of the students in each prior-knowledge grouping. Differences between low prior-knowledge and high prior-knowledge students emerged with convergence of product data, from pre-and post-test scores, and process data in the form of student verbalizations as they collaborated.
Our results suggest that students with differing initial prior knowledge working in collaborative groups using GenScope have different learning gains. The low prior-knowledge students were able to gain significantly, whereas the high priorknowledge students did not make significant learning gains. Previous research on learning science using CBLEs had not often addressed differences in prior knowledge groups (e.g., Jacobson & Archodidou, 2000) . One might contend that the specific context mediates this pattern considerably. For example, working in heterogeneous pairs may help the low prior-knowledge students more considerably than the high prior-knowledge students. These results contribute to the existing literature by providing evidence that prior knowledge level can mediate learning gains when students work with CBLEs in a heterogeneous collaborative context (Shapiro & Niederhauser, 2004) .
Analysis of the verbal data between the heterogeneous pairs demonstrated how the low prior-knowledge and high prior-knowledge students were regulating their learning. The analysis of the low prior-knowledge students' verbalizations demonstrated that they relied on their partner for regulatory support more than the high prior-knowledge students did of their lower prior-knowledge partners. For example, in planning, low prior-knowledge students predominantly verbalized the teacher-set goals, whereas the high prior-knowledge students spent more time verbalizing their own goals. The low prior-knowledge students thus focused on the formulated goals, rather than taking the task one step further and formulating individual goals within the context. Similarly, in monitoring, low prior-knowledge students primarily engaged in asking their partner to clarify something conceptual that they did not understand. In this manner, they used their high prior-knowledge peers as a scaffold to regulate their cognition by seeking help in clarifying things they did not understand (Aleven et al., 2003) . High prior-knowledge students, on the other hand, spent most of their time expressing feelings of knowing, a more individual form of regulation, and providing external regulation to their lower prior-knowledge partners.
The regulatory strategies used most by the low prior-knowledge students and high prior-knowledge students also followed this pattern. The low priorknowledge students were primarily occupied with seeking answers from their partners about procedural tasks, such as what they were to do next. Again, they were relying on another person to help them reach their goal. The high priorknowledge students, on the other hand, were engaged mostly in verbalizing what they observed during the GenScope simulations. This was a key task for answering the inquiry questions.
The motivation category did not show such differential behaviors. Both low prior-knowledge and high prior-knowledge students engaged in positive feedback the most, albeit at very different rates, with high prior-knowledge students supplying many more instances of positive feedback. However, closer qualitative analysis of the positive feedback given by the low prior-knowledge and high prior-knowledge students reveals that low prior-knowledge students usually gave positive feedback as an agreement to a suggestion from their partner. High prior-knowledge students, on the other hand, often gave positive feedback as affirmative answers to their partner's questions or as encouragement. This nuance was not captured in this coding scheme, but it should be considered for any further analyses of collaborative work using this scheme.
Little previous research has analyzed the verbal discourse of heterogeneous groups, but the pattern of LPK students seeking other-regulation while using a CBLE has been demonstrated in tutoring studies, whereby students seek help from a more experienced other . These results add to the existing research on self-regulation captured in real time. As well, this study presents a complex context in which SRL is viewed, with students working in mixed prior knowledge pairs using a CBLE to engage in science inquiry.
The results from the analysis of the students' regulatory behaviors could offer some suggestions for why the low prior-knowledge students were able to learn more from pre-to post-test than the high prior-knowledge students. The data reveals that the high prior-knowledge students provided regulatory scaffolding for the students that potentially aided their understanding. What the results do not suggest is why the high prior-knowledge students were not able to gain much from pre-to post-test, despite the fact that they engaged in many strategies, such as setting goals, feeling of knowing, and observing, that should have been adaptive to learning in this context. Was their learning affected by working with low prior-knowledge students? Future research should address whether this pattern emerges if students are placed with partners of similar prior knowledge, or if the context is changed to favor challenging the high prior-knowledge students more. Would the learning gains or regulatory behaviors change with these modifications?
Limitations
This was a naturalistic classroom study that involved complex contextual features of collaboration and science inquiry. While providing a rich research context, this complexity provides challenges and some potential limitations to the resulting research. For example, it is possible that the rationale for the groupings, though never explained to students, was nonetheless apparent to them. Were students socially aware of prior knowledge differences, though they were never stated? If so, this might have affected the observed behavior. Would a low prior-knowledge student engage in the same types of behaviors with another low prior-knowledge student?
Other limitations of the study that the sample size was fairly small, with only 62 students, and the time students spent using GenScope in this study was not long. Longer projects with a larger sample could produce different results, with change over time of regulatory behavior as a possible variable. As well, it is possible that scores on the post-test were affected by students' having taken an identical pre-test to determine their prior knowledge. However, this was necessary to establish an accurate measure of how much students learned. Likewise, it is possible that the students with high prior knowledge experienced a ceiling effect with their pre-test and post-test scores, which might explain why they did not gain significantly from pre-test to post-test.
Finally, there are theoretical and empirical limitations to investigating co-regulation. Little empirical research has been done on co-regulation of learning. The definition of co-regulation is even difficult to determine (McCaslin & Good, 1996; McCaslin & Hickey, 2001) . Are two students always co-regulating each other as they work together? If one or both are off-task, how does this impact the co-regulation that is occurring between the students? How does the presence of an open-ended CBLE affect co-regulation within a specific context? These questions need to be addressed to further define CRL.
Future research studies should focus on controlling and manipulating the various components of regulation and the learning context so that the specific aspects of each and their mutual influence can be analyzed.
Implications for Education and Future Research
In current high-school science classrooms, students are often engaged in inquiry as they learn, which further impacts how students regulate their learning. Students working within an inquiry-oriented approach need to be able to plan how to answer a scientific question, monitor their progress toward answering the question, and react accordingly by enacting strategies or altering goals as they investigate. When students work together to answer a scientific question successfully, they must collect and analyze data as well as communicate and negotiate their planning and monitoring in a collaborative manner with other students and teachers. Students will interact with each other to attain their goal, they will interact with teachers who offer guidance when the students need support, and they will interact with the instructional tools such as lab equipment or a CBLE. To improve this process, educators and psychologists need to better understand the different aspects of SRL and how students co-regulate their learning when engaged in inquiry using a CBLE . The role co-regulation plays in conceptual understanding should also be investigated.
These data expand the literature on self-regulation by adding the co-regulatory dimension (McCaslin & Hickey, 2001 ). Co-regulation needs to be better understood if their theory is to be used to inform educational practice. This information can help to inform research on training and scaffolding students' SRL in the classroom. Studies have shown that training students in metacognitive monitoring prior to their engaging in collaborative problem-solving does not necessarily lead students to use those strategies while working together, nor does it improve learning (e.g., Hogan, 1999) . Training of SRL is best implemented when embedded within the classroom curriculum, so self-and co-regulation should be investigated within the context of the classroom and curriculum (Butler, 1998; Paris & Paris, 2001; Patrick & Middleton, 2002; Perry, 2002; Randi & Corno, 2000) . For example, further study on co-regulation among students may begin to show mechanisms involved in collaboration while learning, which is a common pedagogical practice in schools. The intention of this research is: 1) to contribute to the knowledge-base on how high-school students of differing prior knowledge levels regulate their learning when engaging in collaborative, CBLE-based science inquiry within a collaborative classroom context; 2) to clarify the role of self-and co-regulation in students' understanding of science concepts within this context; and 3) to contribute to the existing theoretical framework of SRL by adding to the co-regulatory dimension. Capturing the processes that students are using while learning are essential for understanding not only how students learn, but also how the learning process can be improved and maximized for students of all prior knowledge levels.
